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METHOD AND APPARATUS FOR 
VARYING-RADIX NUMERATION SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to the ?eld of data processing. More 

speci?cally, the invention relates to encoding. 
2. Background of the Invention 
Typically, mathematical and engineering systems use a 

decimal system and/or binary system to represent numbers 
and to perform calculations. Over time, alternative numera 
tion systems have been developed for different applications. 
Such numeration systems include ?xed-radix, mixed-radix 
and mixed-base. 
A ?xed-radix numeration system has a constant radix for 

all positions of a sequence of digits. In ?xed-radix numera 
tion systems, the Weights of successive positions are suc 
cessive integral poWers of a single radix, multiplied by the 
same factor. Examples of ?xed-radix numeration systems 
include decimal, binary and hexadecimal systems. 
A mixed-radix numeration system is a radix numeration 

system in Which all radices of each position of a sequence of 
digits are constant, but not necessarily the same. The mixed 
radix numeration system is a more general numeration 
system in Which there may not be integral ratios betWeen the 
radices of all digits. For example, time is measured With a 
mixed-radix numeration system. Hours are measured in tens 
of minutes and minutes having radices 6 and 10 respectively. 

In a mixed-based numeration system, numbers are repre 
sented as the sum of a sequence of position values. Each 
position consists of a mantissa and a base. The base of a 
given position is constant for a given application, but the 
bases across positions are not necessarily integral ratios 
betWeen the radices of all the positions. For example, years 
are measured With a mixed-base numeration system. Years 
are measured With tens of months and months having bases 
12:10:1. 

The above numeration systems are satisfactory methods 
to represent numbers, but are inef?cient for modeling opera 
tion sequences. The above numeration systems are also 
inef?cient for transmission of data in some special cases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may best be understood by referring to the 
folloWing description and accompanying draWings that are 
used to illustrate embodiments of the invention. In the 
draWings: 

FIG. 1 illustrates an exemplary system 100 comprising 
processors 102 and 104 for generating a varying-radix 
sequence, according to embodiments of the present inven 
tion. 

FIG. 2 is a How chart for generating a varying-radix 
sequence according to one embodiment of the invention. 

FIG. 3 is a block diagram illustrating an example of stack 
manipulation according to one embodiment of the invention. 

FIG. 4 is a How chart for encoding an excitation sequence 
into a varying-radix sequence according to one embodiment 
of the invention. 

FIG. 5 is a diagram illustrating transmission of an exci 
tation sequence according to one embodiment of the inven 
tion. 

FIG. 6 is a ?oWchart for converting a decimal value to a 
varying-radix sequence as in block 419 of FIG. 4 according 
to one embodiment of the invention. 
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2 
DETAILED DESCRIPTION OF THE 

INVENTION 

In the folloWing description, numerous speci?c details are 
set forth to provide a thorough understanding of the inven 
tion. HoWever, it is understood that the invention may be 
practiced Without these speci?c details. In other instances, 
Well-knoWn circuits, structures, and techniques have not 
been shoWn in detail in order not to obscure the invention. 

FIG. 1 illustrates an exemplary system 100 comprising a 
radix unit 180 for generating a varying-radix sequence, 
according to embodiments of the present invention. 
Although described in the context of system 100, embodi 
ments of the present invention may be implemented in any 
suitable computer system comprising any suitable one or 
more integrated circuits. 
As illustrated in FIG. 1, computer system 100 comprises 

processor 102 and processor 104. Computer system 100 also 
includes processor bus 110, and chipset 120. Processors 102 
and 104 and chipset 120 are coupled to processor bus 110. 
Processors 102 and 104 may each comprise any suitable 
processor architecture and for one embodiment comprise an 
Intel® Architecture used, for example, in the Pentium® 
family of processors available from Intel® Corporation of 
Santa Clara, Calif. Computer system 100 for other embodi 
ments may comprise one, three, or more processors any of 
Which may execute a set of instructions that are in accor 
dance With embodiments of the present invention. 

Chipset 120 for one embodiment comprises memory 
controller hub (MCH) 130, input/output (I/O) controller hub 
(ICH) 140, and ?rmWare hub 170. MCH 130, ICH 
140, and FWH 170 may each comprise any suitable circuitry 
and for one embodiment is each formed as a separate 
integrated circuit chip. Chipset 120 for other embodiments 
may comprise any suitable one or more integrated circuit 
devices. 
MCH 130 may comprise any suitable interface controllers 

to provide for any suitable communication link to processor 
bus 110 and/or to any suitable device or component in 
communication With MCH 130. MCH 130 for one embodi 
ment provides suitable arbitration, buffering, and coherency 
management for each interface. 
MCH 130 is coupled to processor bus 110 and provides an 

interface to processors 102 and 104 over processor bus 110. 
Processor 102 and/or processor 104 may alternatively be 
combined With MCH 130 to form a single chip. MCH 130 
for one embodiment also provides an interface to a main 
memory 132 and a graphics controller 134 each coupled to 
MCH 130. Main memory 132 stores data and/or 
instructions, for example, for computer system 100 and may 
comprise any suitable memory, such as a dynamic random 
access memory (DRAM) for example. Graphics controller 
134 controls the display of information on a suitable display 
136, such as a cathode ray tube (CRT) or liquid crystal 
display (LCD) for example, coupled to graphics controller 
134. MCH 130 for one embodiment interfaces With graphics 
controller 134 through an accelerated graphics port (AGP). 
Graphics controller 134 for one embodiment may alterna 
tively be combined With MCH 130 to form a single chip. 
MCH 130 is also coupled to ICH 140 to provide access to 

ICH 140 through a hub interface. ICH 140 provides an 
interface to I/O devices or peripheral components for com 
puter system 100. ICH 140 may comprise any suitable 
interface controllers to provide for any suitable communi 
cation link to MCH 130 and/or to any suitable device or 
component in communication With ICH 140. ICH 140 for 
one embodiment provides suitable arbitration and buffering 
for each interface. 



US 6,725,246 B2 
3 

For one embodiment, ICH 140 provides an interface to 
one or more suitable integrated drive electronics (IDE) 
drives 142, such as a hard disk drive (HDD) or compact disc 
read only memory (CD ROM) drive for example, to store 
data and/or instructions for example, one or more suitable 
universal serial bus (USB) devices through one or more 
USB ports 144, an audio coder/decoder (codec) 146, and a 
modem codec 148. ICH 140 for one embodiment also 
provides an interface through a super I/O controller 150 to 
a keyboard 151, a mouse 152, one or more suitable devices, 
such as a printer for example, through one or more parallel 
ports 153, one or more suitable devices through one or more 
serial ports 154, and a ?oppy disk drive 155. ICH 140 for 
one embodiment further provides an interface to one or more 

suitable peripheral component interconnect (PCI) devices 
coupled to ICH 140 through one or more PCI slots 162 on 
a PCI bus and an interface to one or more suitable industry 

standard architecture (ISA) devices coupled to ICH 140 by 
the PCI bus through an ISA bridge 164. ISA bridge 164 
interfaces With one or more ISA devices through one or more 

ISA slots 166 on an ISA bus. 

ICH 140 is also coupled to FWH 170 to provide an 
interface to FWH 170. FWH 170 may comprise any suitable 
interface controller to provide for any suitable communica 
tion link to ICH 140. FWH 170 for one embodiment may 
share at least a portion of the interface betWeen ICH 140 and 
super I/O controller 150. FWH 170 comprises a basic 
input/output system (BIOS) memory 172 to store suitable 
system and/or video BIOS softWare. BIOS memory 172 may 
comprise any suitable non-volatile memory, such as a ?ash 
memory for example. 

The system 100 illustrated in FIG. 1 also includes a radix 
unit 180. The radix unit 180 is coupled With the processors 
102 and 104. In an embodiment, the radix unit 180 can be 
processes or tasks that can reside Within main memory 132 
and/or processors 102 and 104 and can be executed Within 
processors 102 and 104. HoWever, embodiments of the 
present invention are not so limited, as the radix unit 180 can 
be different types of hardWare (such as digital logic) execut 
ing the processing described herein (Which is described in 
more detail beloW). 

Accordingly, computer system 100 includes a machine 
readable medium on Which is stored a set of instructions 
(i.e., softWare) embodying any one, or all, of the method 
ologies to be described beloW. For example, softWare can 
reside, completely or at least partially, Within main memory 
132 and/or Within processors 102/104. For the purposes of 
this speci?cation, the term “machine-readable medium” 
shall be taken to include any mechanism that provides (i.e., 
stores and/or transmits) information in a form readable by a 
machine (e.g., a computer). For example, a machine 
readable medium includes read only memory (ROM); ran 
dom access memory (RAM); magnetic disk storage media; 
optical storage media; ?ash memory devices; electrical, 
optical, acoustical or other form of propagated signals (e.g., 
carrier Waves, infrared signals, digital signals, etc.); etc. 

FIG. 2 is a ?oW chart for generating a varying-radix 
sequence according to one embodiment of the invention. At 
block 201, the radix unit 180 receives a ?rst sequence. At 
block 203, the radix unit 180 determines the number of 
positions of a second sequence for representing the ?rst 
sequence. If the radix unit 180 determines that k+1 positions 
are necessary to represent the ?rst sequence, then the second 
sequence can be described as the folloWing: v(k) v(k-1) 
v(k-2). . . v . . v(1). For the i”1 position of the sequence, 
v(i) is the value. The v(0) is not shoWn in the sequence 
because it can be calculated from equation 1 as follows: 
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k (1) 
v(0) = no — Z v(i) 

':l 1 

At block 205, the radix unit 180 determines an application 
value from the function p(i). The function p(i) is based on a 
set of rules derived for an application or set of applications. 
In one embodiment of the invention, the function p(i) is a 
constant value dependent on the application. In another 
embodiment of the invention, the function p(i) de?nes the 
maximum radix of the second sequence. 

At block 207, the processor 102 determines v(i) for each 
position of the second sequence. In another embodiment of 
the invention, the radix unit 180 performs block 207 before 
block 205. At block 209, the processor 102 calculates the 
radix for each position, designated by o(i), of the second 
sequence in accordance With equation 2 as folloWs: 

The embodiments of the present invention can be applied 
to model or represent sequence problems related to position 
information. The second sequence described in FIG. 2, is a 
varying-radix sequence in Which the radix of each position 
of the second sequence varies according to the value 
expressed by the second sequence. 

FIG. 3 is a block diagram illustrating an example of stack 
manipulation according to one embodiment of the invention. 
In FIG. 3, an input queue 303 contains variables D,C,B, and 
A from left to right. The variables of the input queue 303 are 
pushed into a ?rst-in-last out (FILO) stack 301. Items from 
the FILO stack 301 are popped into the output queue 305. In 
FIG. 3, the variables from the input queue 303 have been 
pushed into and popped out of the FILO stack 301 resulting 
in the output stack 305 containing the variables in the order 
D,C,A,B from left to right. 

If the stack operations illustrated in FIG. 3 are represented 
With a binary sequence, Where the value “1” represents a 
push onto the FILO stack 301 and the value “0” represents 
a pop from the FILO stack 301, then the operations resulting 
in the output queue 305 can be represented by the folloWing 
bit sequence: 11001010. 

In the stack operation sequence, the number of Zeros 
occurring betWeen consecutive ones varies. The number of 
Zeroes occurring betWeen consecutive ones can be indicated 

by v(i). The binary stack operation sequence can be modeled 
by four values in the folloWing Way: 

Second] Third] 
<——> 
v(2) 

Since the input queue 303 and the output queue 305 only 
contain 4 variables, only 4 pop operations can occur (i.e., 
only four Zeroes can occur in the binary stack operation 
sequence). Since the maximum number of pop operations is 
equal to four, then the maximum number of pop operations 
can be de?nes With equation 3 as folloWs: 
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3 (3) 
v(i) = 4 

z:o 

Hence the following set of equations can be derived to 
determine the values of the varying-radix sequence: 

As shoWn by the equation for v(0), v(0) can be ascertained 
from v(3), v(2), v(1). Therefore, the binary stack operation 
sequence can be modeled by a three position varying radix 
sequence v(3), v(2), v(1). 

Using the previously described equation for determining 
o(i), the radices for each of the positions of the varying-radix 
sequence are as folloWs: o(3)=2, o(2)=3—v(3), o(1)=4—v(2)— 
v(3). These radices are derived With the radix equation given 
p(i)=4—i. In this example, the function p(i) indicates the 
maximum number of pop operations possible for the ith 
position. For example, after tWo push operations, at most 
tWo pop operations may be performed. Therefore the binary 
stack operation sequence illustrated in FIG. 3 can be mod 
eled in a more compact form than the binary sequence 
11001010 With the varying-radix sequence 021 With radices 
232. Every possible stack operation sequence With four 
variables in the FILO stack is illustrated in the table beloW. 

TABLE 1 

Model of FILO stack operations 

Varying-radix Radices of different 
number positions 

v(3) v(i) V0) 0(3) 0(2) 0(1) 

0 0 0 2 3 4 
0 0 1 2 3 4 
0 0 2 2 3 4 
0 0 3 2 3 4 
0 1 0 2 3 3 
0 1 1 2 3 3 
0 1 2 2 3 3 
0 2 0 2 3 2 
0 2 1 2 3 2 
1 0 0 2 2 3 
1 0 1 2 2 3 
1 0 2 2 2 3 
1 1 0 2 3 2 
1 1 1 2 2 2 

The embodiment of the present invention provides a 
compact sequence With varying-radices that provides the 
same information as a longer ?xed-radix or mixed-radix 

sequence. The distribution of bits in a binary sequence can 
be indicated With a more efficient and compact varying-radix 
sequence as illustrated in FIG. 3. 

The embodiments of the present invention can also pro 
vide gains of efficiency in data including video data and 
audio data. For example, in the multi-pulse excited linear 
prediction (MPELP) speed codec, an excitation sequence, 
Which consists of multiple uniformly spaced pulses is trans 
mitted as a residual signal. In the residual signal, both the 
amplitude and position of the pulses are determined sequen 
tially one pulse at a time during analysis. The MPELP 
algorithm typically uses four to six pulses every ?ve milli 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
seconds. Encoding an excitation sequence With the MPELP 
algorithm is more expensive than classical linear predictive 
vocoders. The MPELP algorithm is more expensive because 
MPELP encodes both the amplitudes and the positions of the 
pulses. The embodiment of the present invention can more 
efficiently represent an excitation sequence. 

FIG. 4 is a How chart for encoding an excitation sequence 
into a varying-radix sequence and transmitting the varying 
radix sequence according to one embodiment of the inven 
tion. FIG. 5 is a diagram illustrating transmission of an 
excitation sequence according to one embodiment of the 
invention. FIG. 4 Will be described With reference to FIG. 5. 
At block 401 a 30 bit excitation sequence is received. In 
FIG. 5, an excitation sequence is shoWn being transmitted 
from the audio codec 146 of the system 100 to the radix unit 
180 of the system 100. At block 403, the radix unit deter 
mines the numbers of bits to be used for encoding the 
excitation sequence into a varying-radix sequence. The 
varying-radix sequence Will represent the distribution of bits 
of the binary excitation sequence. To conform With the 
International Telecommunications Union (ITU) G.723 
Standard, the excitation sequence contains M pulses, Which 
is six for even subframes and ?ve for odd subframes. Hence, 
there are 

(a?) 
possible positional bit distributions. For ease of 
understanding, We Will assume that M is six. Since 

219 s [30] s 220, 
6 

then 20 bits is enough to represent positional bit distribution 
information of the excitation sequence instead of the 30 bits 
as represented by the excitation sequence. 

It can already be seen that the embodiment of the present 
invention reduces the amount of data for an excitation 
sequence by 10 bits per frame. In this example, p(i) is equal 
to N-M (N=30 Which is the total number of bits in a 
subframe and M is the number of Direc functions in a 
subframe). The excitation sequence can be represented by 
the compact varying-radix sequence v(M) v(M-1). . . v(1). 
As in the above example, v(0) can be determined With the 

folloWing: 

M (5) 

v(0) = no — Z v(i) 

At block 405, the radix unit 180 determines each v(i) for 
the varying-radix sequence. The v(i) represents the number 
of Zero bits occurring betWeen 1 bits in the excitation 
sequence. In another embodiment of the invention, v(i) 
represents the number of 0 bits preceding a 1 bit. In an 
alternative embodiment of the invention, v(i) represents the 
number of 1 bits betWeen 0 bits. At block 407, the radix unit 
180 calculates the maximum radix (i.e., p(i)) for the varying 
radix sequence from the sum of values of the varying-radix 
sequence as in equation 3. 

At block 409, the radix unit 180 calculates a radix for each 
v(i) in the varying-radix sequence. The radix for each v(i) is 
calculated from equation 6 as folloWs: 
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In FIG. 5, the radix unit 180 transmits the varying-radix 
sequence to the processor 102 of the system 100. At block 
411 of FIG. 4, the processor 102 converts the varying-radix 
sequence into a decimal value. The decimal value for the 
varying-radix sequence v(M)v(M—1)v(M-2). . . v(l) can be 
determined from the following equation: 

M (7) 
Decimal Value = Z 

1 o 

At block 413, the processor 102 converts the decimal value 
into a 20 bit binary sequence (“the compact excitation 
sequence”). 
At block 415, the compact excitation sequence and the 

number of positions (determined at block 403) are transmit 
ted to another radix unit 180. In FIG. 5, the system 100 is 
shoWn transmitting the compact excitation sequence and the 
number of positions to a system 501. The compact excitation 
sequence can be transmitted over a physical medium (e.g., 
Ethernet cable, coaxial cable, optical ?ber, etc.), a Wireless 
medium, or other forms of propagated signals. The compact 
excitation sequence can also be transmitted from the system 
100 to the system 501 by a ?xed medium (e.g., diskette, 
optical disk, etc.). 

FIG. 5 illustrates the processor 102 of the system 501 
receiving the compact excitation sequence. At block 417 of 
FIG. 4, the processor 102 converts the compact excitation 
sequence into its decimal value. 

In FIG. 5, the processor 102 of the system 501 transmits 
the decimal value to the radix unit 180 of the system 501. At 
block 419 of FIG. 4, radix unit 180 restores the decimal 
value to the varying-radix sequence v(M) v(M-l) 
v(M-2). . . v(1)v(0). 

At block 421, the radix unit 180 reconstructs the 30 bit 
excitation sequence from the varying-radix sequence v(M) 
v(M-l) v(M-2). . . v(l) v(O). At block 423, the radix unit 
180 exports the excitation sequence. FIG. 5 illustrates the 
radix unit 180 of the system 501 transmitting the excitation 
sequence to the audio codec 146 of the system 501. 

In alternative embodiments of the invention, tasks can be 
divided among units in a variety of Ways. In one embodi 
ment of the invention, the radix unit 180 of the system 100 
converts the varying-radix sequence to a decimal value and 
transmits the decimal value to the processor 102 of the 
system 100, Which converts the decimal value to the com 
pact excitation sequence. In another embodiment of the 
invention, the radix unit 180 of the system 100 converts the 
varying-radix sequence to the decimal value and converts 
the decimal value to the compact excitation sequence. In 
another embodiment of the invention, the radix unit 180 of 
the system 501 calculates the compact excitation sequence 
into its corresponding decimal value. In another embodi 
ment of the invention, the radix unit 180 of the system 501 
transmits the varying-radix sequence to the processor 102, 
Which reconstructs the excitation sequence from the 
varying-radix sequence. 

FIG. 6 is a ?oWchart for converting a decimal value to a 
varying-radix sequence as in block 419 of FIG. 4 according 
to one embodiment of the invention. At block 601, a 
temporary value (“temp”) is initialiZed With the decimal 
value, a loop control variable i is initialiZed With M (M+1 
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8 
being the number of positions in the varying-radix sequence 
received from the system 100 in FIG. 5), and v(i)i=0 _ _ . M 

are initialiZed to 0. At block 603, the processor 102 or the 
radix unit 180 determines if the folloWing conditional is 
satis?ed: 

(3) 
Temp >= 

0 p: 

If the processor 102 or the radix unit 180 determines the 
conditional to be true, then at block 605 v(i) of the varying 
radix sequence is incremented. From block 605, control 
?oWs back to block 603. If the processor 102 or radix unit 
180 determines that the conditional is false, then at block 
607 v(i) of the varying-radix sequence is decremented. 
At block 609, the temporary variable is updated in accor 

dance With equation 9 as folloWs: 

At block 611, the loop control variable is decremented. At 
block 613, the processor 102 or radix unit 180 determines if 
the loop control variable is equal to 0. If the loop control 
variable is not equal to 0, then control ?oWs back to block 
603. If the loop control variable is equal to 0, then at block 
615 v(O) is calculated in accordance With equation 10 as 
folloWs: 

(10) M: 
[:1 i 

v(i) 

The embodiments of the present invention provide a 
method for modeling not possible With traditional numera 
tions systems. In addition, the embodiments of the present 
invention enable compact representation of sequences. Vari 
ous data, such as audio data and video data, can be repre 
sented in compact form thus reducing bandWidth consump 
tion When transmitting such data over netWorks. 

While the invention has been described in relation to stack 
manipulation, other embodiments of the invention provide 
for a data structure based on a varying-radix numeration 
system. Alternative embodiments of the invention can 
involve modeling a search sequence With a varying-radix 
numeration system. Therefore, the invention is not limited to 
modeling stack manipulation. In addition, While the inven 
tion has been described in relation to an excitation sequence, 
alternative embodiments could be implemented such that 
motion vectors of video data are represented With a varying 
radix numeration system. In alternative embodiments of the 
invention, various aspects of video data including contrast, 
color, background images, etc., can be represented With a 
varying-radix numeration system. 

While the invention has been described in terms of several 
embodiments, those skilled in the art Will recogniZe that the 
invention is not limited to the embodiments described. 

The method and apparatus of the invention can be prac 
ticed With modi?cation and alteration Within the spirit and 
scope of the appended claims. The description is thus to be 
regarded as illustrative instead of limiting on the invention. 
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What is claimed is: 
1. A method comprising: 
receiving a ?rst sequence of values; 
determining a number of positions for a second sequence 

of values; and 
generating the second sequence of values, each value of 

the second sequence corresponding to a radix, the radix 
for each value of the second sequence varying over the 
second sequence in relation to an application value, the 
application value corresponding to a position in the 
second sequence and a sum of a set of values in the 
second sequence, Wherein the ?rst sequence is an 
excitation sequence. 

2. A method comprising: 
receiving a ?rst sequence of values; 
determining a number of positions for a second sequence 

of values; and 
generating the second sequence of values, each value of 

the second sequence corresponding to a radix, the radix 
for each value of the second sequence varying over the 
second sequence in relation to an application value, the 
application value corresponding to a position in the 
second sequence and a sum of a set of values in the 
second sequence, Wherein the application value is a 
maximum radix for the second sequence. 

3. A method comprising: 
receiving a ?rst binary sequence; 
determining a number of positions for a sequence of 

values; 
determining a value for each position in the sequence, the 

sequence of values indicating a distribution of bits in 
the ?rst binary sequence; 

determining an application value corresponding to the 
?rst binary sequence; 

calculating a radix for each position in the sequence of 
values, the radix varying in relation to the application 
value and a set of values of the sequence; 

converting the sequence of values into a decimal value; 
and 

converting the decimal value into a second binary 
sequence, Wherein the ?rst binary sequence is an exci 
tation sequence. 

4. A system comprising: 
a ?rst computer system to generate a varying-radix 

sequence that represents a distribution of bits in a ?rst 
binary sequence, to generate a decimal value from the 
varying-radix sequence, to convert the decimal value 
into a second binary sequence, and to transmit the 
second binary sequence and a number of positions of 
the varying-radix sequence; and 

a second computer system coupled With the ?rst computer 
system, the second computer system to receive the 
second binary sequence, to convert the second binary 
sequence into the decimal value, to generate the 
varying-radix sequence With the decimal value, and to 
reconstruct the ?rst binary sequence according to the 
varying-radix sequence, Wherein the ?rst binary 
sequence is an excitation sequence. 

5. A system comprising: 
a ?rst computer system to generate a varying-radix 

sequence that represents a distribution of bits in a ?rst 
binary sequence, to generate a decimal value from the 
varying-radix sequence, to convert the decimal value 
into a second binary sequence, and to transmit the 

10 

15 

25 

35 

45 

65 

10 
second binary sequence and a number of positions of 
the varying-radix sequence; and 

a second computer system coupled With the ?rst computer 
system, the second computer system to receive the 
second binary sequence, to convert the second binary 
sequence into the decimal value, to generate the 
varying-radix sequence With the decimal value, and to 
reconstruct the ?rst binary sequence according to the 
varying-radix sequence, Wherein the application value 
is a maximum radix for the varying-radix sequence. 

6. An apparatus comprising: 
an audio codec to generate an excitation sequence; and 

a radix unit coupled With the audio codec, the radix unit 
to perform operations of: 
determining a number of positions for a varying-radix 

sequence, the varying-radix sequence to represent a 
distribution of bits in the excitation sequence; 

receiving an application value; and 
calculating a radix for each position in the varying 

radix sequence, the radix varying in relation to the 
application value and a set of values in the varying 
radix sequence. 

7. The apparatus of claim 6 further comprising the appa 
ratus to transmit the varying-radix sequence. 

8. The apparatus of claim 6 further comprising the radix 
unit to convert the varying-radix sequence into a decimal 
value. 

9. The apparatus of claim 6 further comprising the radix 
unit to convert the varying-radix sequence into a decimal 
value and to convert the decimal value into a binary 
sequence. 

10. A machine-readable medium that provides 
instructions, Which When executed by a set of one or more 
processors, cause said set of processors to perform opera 
tions comprising: 

receiving a ?rst sequence of values; 

determining a number of positions for a second sequence 
of values; and 

generating the second sequence of values, each value of 
the second sequence corresponding to a radix, the radix 
for each value of the second sequence varying over the 
second sequence in relation to an application value, the 
application value corresponding to a position in the 
second sequence and a sum of a set of values in the 
second sequence, Wherein the ?rst sequence is an 
excitation sequence. 

11. A machine-readable medium that provides 
instructions, Which When executed by a set of one or more 
processors, cause said set of processors to perform opera 
tions comprising: 

receiving a ?rst sequence of values; 

determining a number of positions for a second sequence 
of values; and 

generating the second sequence of values, each value of 
the second sequence corresponding to a radix, the radix 
for each value of the second sequence varying over the 
second sequence in relation to an application value, the 
application value corresponding to a position in the 
second sequence and a sum of a set of values in the 

second sequence, Wherein the application value is a 
maximum radix for the second sequence. 
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12. A machine-readable medium that provides 
instructions, Which When executed by a set of one or more 
processors, cause said set of processors to perform opera 
tions comprising: 

receiving a ?rst binary sequence; 
determining a number of positions for a sequence of 

values; 
determining a value for each position in the sequence, the 

sequence of values indicating a distribution of bits in 
the ?rst binary sequence; 

12 
determining an application value corresponding to the 

?rst binary sequence; 
calculating a radiX for each position in the sequence of 

values, the radiX varying in relation to the application 
value and a set of values of the sequence; 

converting the sequence of values into a decimal value; 
and converting the decimal value into a second binary 
sequence, Wherein the ?rst binary sequence is an eXci 
tation sequence. 


